It is well known that the theory of technicolor is a favorable candidate responsible for symmetry breaking besides the Higgs mechanism. To remedy shortcomings and loopholes of the original scenario of technicolor, the Topcolor-Assisted Technicolor (TC2) theory was proposed. One of the unique signatures of the theory is existence of top-Higgs boson and some other special particles.
Introduction
The great success of the Standard Model in so-far all the fields of particle physics manifests that it is obviously a valid theory. However, on other aspect, because so many parameters in the theory are free and need to be phenomenologically determined, one can believe it to be only an effective theory. Besides all the questions which would promote theorists to look for a more fundamental theory, there exists a severe problem, namely the long-expecting Higgs boson which is predicted by the Weinberg-Salam model, has not been experimentally observed yet within a rather wide energy range. How could it escape our so-far detection is what all physicists need to answer.
Is it too heavy or does not exist at all? To find a definite answer is the priority goal of LHC which will be operating soon. Meanwhile, alternative theories arise to substitute the Higgs mechanism which is responsible for breaking the electro-weak symmetry, among them the technicolor theory is the most favorable one [1, 2, 3, 4] . However, in the earlier scenarios of technicolor (TC), there were some shortcomings and loopholes, namely even though the TC model can give masses to the gauge bosons, it fails to explain origin of ordinary quarks and leptons. The following extended technicolor model (ETC) was introduced [5, 6] to solve the problem, but it still cannot give the heavy quarks appropriate masses. The walking technicolor model (WTC) [7, 8, 9, 10] and the Multi-Scale, LowScale TC models [11, 12] were the introduced, where the b quark mass is naturally achieved. To further improve the previous versions, the top-assisted technicolor (TC2) model has been proposed where the top quark mass was naturally explained [13, 14, 15] .
The advantage of the TC2 version is obvious, because it can naturally produce large top quark mass and dynamically break the electroweak symmetry. In the TC2 model there are three isospin-triplet pseudo-Goldstone bosons called top pions (Π 0 , Π ± ) and an isospin-singlet boson called as top Higgs (H T C ) [16, 17] . These bosons are regarded as a unique feature of the TC2 model. Therefore, it is crucial to experimentally search them and identify them from complex background. Because such bosons predicted by models beyond the standard model (SM) all are heavy, they escaped from detection in old accelerators, if they indeed exist. However, as recent analysis indicates, the energy scale of new physics should be at TeV energy range, namely, one may expect to discover new particles including such heavy bosons at LHC which will be operating soon.
Once such bosons are discovered, it would be a great support to the TC2 model, even though as commonly understood, at LHC it is hard to finally determine if the bosons are indeed the ones predicted by any special model. Readers who are interested in these models and want to know more about them can see the updated review paper [18] .
Direct search for top-pion and top-Higgs would be one of the important goals at LHC in parallel to the search for Higgs of SM and other models such as SUSY etc. Since we hope to discover them at LHC, we should estimate their production rates and investigate if there is a possibility to onserve them with the energy and luminosity of LHC. In fact, the LHC might be difficult to confirm a theory, but feasible to rule out a model as long as the signal predicted by the model does not show up at the required region.
Generally, it is believed that such production processes of new particles predicted by the new physics beyond the standard model (SM) are realized via gluon fusion which probably results in the largest cross sections. In our earlier work, we studied the pair production of top-pions, top-Higgs at tree and loop levels [19, 20] . Now one would like to turn his attention into study on the production of single techni-bosons. The authors of Ref. [21] investigated the process gg → Π 0 which might be observed at LHC. Basically, we follow their strategy in this paper to study the process of single topHiggs production from gluon fusion (gg → H T C ) at the LHC. The advantage is obvious that if the bosons are very heavy, even the LHC energy does not provide sufficient space for final states of the pair production, the single production may be the only possibility to detect the TC2 model. The difference of this process from the Π 0 production is that techni-Π is an isospin-triplet pseudoscalar whereas, techni-top-Higgs is an isospin-singlet scalar boson which is somehow in analog to the SM Higgs and the Higgs bosons predicted by other extended models such SUSY etc. in characteristics.
As indicated above, the discussion about background is important, without properly eliminating background effects, it is impossible to identify the particles which emerge at the detectors, especially how to distinguish the top-Higgs from the SM Higgs would be an interesting and difficult job, even though one may expect them to have completely different masses. We indeed do not know that once a new particle is observed by the detectors at LHC, how many people would claim that is the particle their models predict. Top-Higgs may be one of the candidates. Surely a definite identification might be postponed until running of the International Linear Collider (ILC) in the future, one can roughly judge the degree of validity of the theory. Even though a positive identification may be difficult, a negative conclusion would be easily drawn as long as the data of LHC do not endorse existence of such bosons. Our numerical results show that there will be a sizable production rate of single top-Higgs thus one can expect to observe a resonance with remarkable features as the theory predicts and by that we at least can be convinced that the TC2 model can survive the test of LHC and will be further tested at ILC. Since the top-Higgs has only a short lifetime, it would decay into SM particles afterwards which can be caught by the detector, but the lifetime and decay patterns are fully determined by its mass and couplings. To carefully analyze all possible decay patterns and separate the signal from background is extremely important.
It is worth noticing that production of the single top-Higgs can only realize at loop level, but fortunately there does not exist any infrared divergence in the loop integration which generally is difficult to be removed, instead, the ultraviolet divergence is eliminated by a standard renormalization scheme. This paper is organized as follows. After this introduction, in Sec. II, we formulate the production rate via sub-process gg → H T C . The numerical results are presented in Sec. III where all input model parameters are explicitly listed. Our discussions on various aspects are made in the last section.
In the TC2 model, the Yukawa term in the Lagrangian related to the top quark is written as [16, 17, 22, 23] :
where
is the TC Yukawa coupling and ε t is a small ETC contribution. Once the top-pions decay constant v t is known, v T can be determined by the electro-weak symmetry With the Lagrangian, the amplitude of the process can be written directly:
the amplitude M µν is calculated by completing the loop integration which can be decomposed into some standard loop functions [24] , and are evaluated in terms of the LOOPTOOLS [25, 26] . The explicit expression of the result is rather lengthy, so that we keep it in the Appendix.
By the factorization theorem, one can write down the cross section for production of a single top-Higgs H T C in hadronic collisions [27] ,
where g(x, µ F ) is the gluon distribution function (PDF) in hadrons and
where the integration limit τ = M 2 H s is determined by the kinematics of the process under consideration. In our numerical computations, we will use the CTEQ6L PDF [28, 29] . scale µ F . Since they originate from completely different sources, they are independent and there is no any compelling reason to associate them with each other, definitely they do not need to take the same value. However, since a logarithmic quantity of their ratio log µ F µr appears in the final result, to guarantee the results not very sensitive to the choices of the energy scales which are determined by non-perturbative QCD effects, one can set them to be of the same order of magnitude to avoid logarithms of large ratios. Furthermore, the value of the factorization scale µ F should not seriously affect the gluon distributions which is employed in the numerical computations. For simplicity and without losing generality for an estimate of order of magnitude, in later discussions, following [30] , we set the two scales to be equal and impose a relation: µ r = µ F = M H , where M H is obviously the physical characteristic large-momentum scale of this process.
It is worth of noticing that, the single top-Higgs also could be produced at the LHC through the tree level process: bb(tt) → H T C , but because the first sub-process is very suppressed by the Yukawa coupling and both of the sub-processes should be small because the parton distribution functions for b and t quarks are rather small, so that we can completely ignore them. By the same reason, we also neglect the contributions of light quarks in the loops.
The numerical results
For the numerical computations of the cross section, we need the electroweak parameters as: m t = 171.2 GeV [31] , v = 246 GeV. The running strong coupling α s (µ r ) depends on the renormalization scale µ r and the experimentally measured value α s (m z ) = 0.1176 [31] . There are three free parameters involved in the production amplitudes: first, the top-Higgs mass M H and for our phenomenological study, we let the mass vary within a range of 300∼800 GeV, then the parameters ε t (0.03 ≤ ε t ≤ 0.1) and v t (60 ≤ v t ≤ 100 GeV) [22, 23, 32] . In order to expose possible dependence of the cross section on these parameters, we take two groups of the values: ε t = 0.03, v t = 60, 80, 100 GeV and v t = 60 Gev, ε t = 0.03, 0.06, 0.10 respectively. The numerical results of the cross sections are plotted in Fig. 2 and Fig. 3 .
From these figures, we can observe that the production rate decreases sharply as M H increases due to the constraint from the phase space of the final state involving the top-Higgs. The trend is very similar to the case of gg → Π 0 calculated by the authors of Ref. [21] . The dependence of the cross section on the ε t and v t is apparent, when ε t and v t become large the cross section decreases.
It is also noticed that the cross section is not very sensitive to the value of ε t but to v t , i.e. when v t takes different values, changes are obvious. 
which may be as large as 4 with the extreme condition. It tells that if the top-Higgs is not too drastically heavy, there is a possibility that it can be observed even before the SM Higgs is discovered at LHC.
Obviously, the top-Higgs cannot be directly observed because it would decay into SM particles short after it is produced. To help our experimental colleagues, let us roughly analyze the observational phenomena. As has been discussed, possible decay modes of top Higgs include tt, tc, Z 0 Z 0 and W + W − [16] and bb depending on the mass of H T C .
With M H ≥ 2m t , the main decay modes is H T C → tt and the branching fraction almost reaches 100%. For convenience of discussion, let us define a ratio parameter R(tt) = σ T C2 (tt)/σ SM (tt), which is a function of M H and quickly decreases as M H increases. The dependence of the R-value on M H is shown in Fig. 4 . One can note from Fig. 4 that for M H ≤ 500GeV and V t ≤ 0.1, the value of R(tt) is always larger than 1%, thus such successive decays might be detected at early running stage of LHC. On the other hand, if M H ≤ 2m t , the main decay modes are H T C → W + W − , ZZ and H T C → bb and then the lifetime of top-Higgs would be much longer, especially as the two-boson channel is not allowed. Those subsequent processes are relatively clean, the signals are easy to be identified by detector. This processes were studied in some detail by authors of Ref. [34] .
In this work, we estimate the production rate of single top-Higgs in the TC2 model, and our numerical results indicate that it is optimistic to observe signals of the production at LHC. This production mainly occurs via gluon fusion as suggested in literature as→ H is much suppressed by either parton distribution or the quark mass. Therefore in this work we only concentrate ourselves at the gluon-fusion sub-process and corresponding observational potential. The advantage of observing the single production of a new particle which comes from new physics beyond the SM is obvious because constraint from the final state phase space is alleviated comparing with pair production.
The single techni-pion production was studied [21] , where techni-pion is an isospin-triplet pseudoscalar. Comparing the production rates of top-Higgs and techni-pion, one can notice that first, the production rate decreases very quickly as the mass of top-Higgs or techni-pion is large due to the final state phase space, in fact, at the available LHC energy range, as M H or M Π reaches 800 GeV, the rates for both channels reach a few fb level, namely negligible for the detector at LHC. Secondly, as M H or M Π is at order of 400 GeV, the production rate of pp → H T C + X can reach about 40 to 50 pb, whereas the rate of pp → Π t + X can only be 3 to 5 pb as M Πt = 400
GeV [21] . It may imply that if TC2 model applies, the top-Higgs would prevail the techni-pion to be observed at LHC.
Another serious issue is how to extract useful information from the messy background of QCD at LHC. It is a hard job and many experts did a lot research on the analysis for other reactions, for example, the authors of Ref. [35] carefully analyzed the signal of type-II see-saw which will be measured at LHC and corresponding background. In our case the SM background comes from top quark pair production at the LHC. By QCD, the direct production gg → tt and→ tt would contaminate the process gg → H T C → tt and→ H T C → tt. The NLO cross section for these processes in SM was estimated as ≈ 830 ± 50 pb [36, 37] . Generally, one can measure the invariant mass of the tt and determine a resonance peak which would correspond the new particle. If the position of the peak and the production rate are consistent with our estimate accurately to order of magnitude, we would claim that the newly observed particle (or resonance) might be top-Higgs boson predicted by the TC2 model. However, since the event re-construction is very difficult as the top (anti-top) would eventually turn into jets whose momentum and multiplicity are very difficult to be accurately determined, so identification of a resonance at the intermediate stage is very hard.
We, so far, are not equipped with such expertise knowledge and ability to handle the background analysis, but will definitely cooperate with our experimental colleagues and experts in this field to carry out a detailed analysis.
As a conclusion, we find that the production rate of pp → H T C + X is at the level of tens of pb at most of the parameter space. As well as the SM Higgs, the production of H T C may be observable at the LHC thanks to its high energy and luminosity. Therefore, single top-Higgs production at the LHC might be a promising signal for the TC2 model.
.
Here A is for T 1 , B is for T 2 , etc. The scalar integrals are denoted by the subscript: A 0 , B 0 , etc.
